Contribution to the Protection of PVG Connected to Three Phase Electrical Network Supply  by Almi, M.F. et al.
 Energy Procedia  18 ( 2012 )  954 – 965 
1876-6102 © 2012 Published by Elsevier Ltd. Selection and/or peer review under responsibility of The TerraGreen Society.
doi: 10.1016/j.egypro.2012.05.110 
Contribution to the Protection of PVG Connected to Three 
Phase Electrical Network Supply  
M. F. Almi a,b, M. Arroufb, H.Belmilia, B. Bendibaa* 
aUnit of Development of Solar Equipments (UDSE) National road N°: 11 Bou-Ismaïl LP 365, Tipaza 42415, Algeria 
bDepartment of Electrical Engineering, University of Batna 05000, Algeria 
 
Abstract 
In this paper we propose to investigate, model, optimize and simulate the connection of a 3Kwc 
domestic photovoltaic generator to the three-phase power network throughout a current-controlled voltage 
source inverter. The current-controlled voltage source inverter tasks are: 
 Tracking the PVG maximum power point. 
 Injecting the maximum power into a three phase electrical network with unit power factor. 
The totality of the produced energy by the PVG has to be injected in the network, whereas the 
electricity requirement for domestic use has to be withdrawn from the network supply .This is in order to 
avoid batteries storage problems .As well as the realization of a decoupling system which can protect the 
generator from perturbations that can reach the electrical network supply. 
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1. Introduction   
In this century the most important photovoltaic application is the PVG- grid connected installations 
that intended to supply the public electrical network. 
There are various managements topologies of the GPV connected to a three-phase electrical supply 
network. Nevertheless, all these approaches based on a GPV connected to electrical  network, by means of 
inverters, which are not only limited to convert DC power to AC power  but  they also supervise the 
power delivered by the GPV by forcing  it to operate  at its maximum  power point. Moreover, they ensure 
 a reliable monitoring of the electrical network, to protect this last against the breakdowns and interrupt 
the connection in the event of problems occurring either on the electrical network or on the installation.    
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2. System  description  
Figure1 shows the general schema of a photovoltaic system connected to a three-phase electrical 
supply network.²The structure is a basic one and requires only one inverter.  Nevertheless, some 
adaptations are necessary to ensure a right operation of the system.   
 
 
 
 
 
Figure.1 General Scheme of photovoltaic system connected to three- phase electrical network 
2.1.  Injection of the totality of the production  
The energy production generator is connected to low voltage network by the intermediary of a circuit 
distinct from that used for the requirements in racking for the User. Compared with the purchase of the 
surpluses, this type of connection generally leads to more significant modifications of the user installation.  
The producer can then inject into the network the totality of the production and tap to the network the 
totality of his consumption. This dissociation enters the connection point   "  consumption " and the 
connection point  " production ", lead to  star connection of two circuits, ' ' consummation circuit ' ' and  ' ' 
production circuit ' ', with only one connection to low voltage network  . 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.2: General scheme of the configuration (Racking with injection of the totality of the production) 
 
2.2. Photovoltaic generator model 
The modeling of a photovoltaic cell can be carried out according to various levels of complexity of the 
model. 
 
Figure.3: Simplified electrical model of photovoltaic cell  
Iph
ID
D
IDc
VD VDc Rc
Rs
956   M. F. Almi et al. /  Energy Procedia  18 ( 2012 )  954 – 965 
The model translate a reference point ( , ) to a new point (I, V) according to equations 1 to 7 
below [1]. 
                                                                                                        (1) 
                                                                                                                        (2) 
                                                                                                                                             (3) 
                                                                                                                                            (4) 
                                                                                                             (5) 
                                                                                                                                   (6) 
 
                                                                                                                                               (7) 
: Current variation coefficient according to temperature.   
: Voltage variation coefficient according to temperature.   
 
2.3. Maximum power point tracking 
We have chosen the incremental conductance algorithm (INC) for its good ratio quality price and ease 
of implementation [2]. 
 
 
Figure.4: Incremental conductance technique flowchart  
 
2.4. Dimensioning of the photovoltaic system 
In the case of PVG connected to electrical network, the system dimensioning is based on the amounts 
of power to be developed not according to the need that has to covered, but according to the producible 
one that a configuration can offer (field/inverter). 
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Given the MPPT block is located in a reduced interval.  This interval cannot be exceeded for the 
system operation. 
 
Figure .5: MPPT location on the photovoltaic generator I-V characteristics 
 
a) Continues line voltage regulation   
Continues line voltage is regulated with PI corrector parameterized according to the value of the 
capacitance and the dynamics of the loop as shown in Figure.6.  
 
 
Figure .6: Continues line voltage 
 
                                                                                                                                             (8) 
                                                                                                                                                  (9) 
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                                                                                                                           (12) 
                                                                                                                                    (13)          
                                                                                                                        (14) 
 
Figure .7: Continues line voltage regulation loop   
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2.5. Inverter modeling 
The inverter takes up a duty of direct connection with the electrical supply network 
 
Figure .8: Three phase voltage source inverter 
 
The ratio between the commutation variable vector  and the phase voltage vector. 
 is given by: 
                                                                                                             (15) 
Nevertheless, the ratio between the commutation variable vector  and the phase voltage 
vector  can be written as: 
 
(16)
 
2.6. LC  Filter  
A system with forced commutation like MLI or other control techniques of voltage source inverter 
generates chopping harmonics. In order to eliminate these harmonics the insertion of a filter between the 
converter and the network, in the majority of the cases is a low passes band filter. This makes it possible 
to carry out the objective.  
 
Figure .9: Equivalent circuit of LC filter   
 
a) Calculation of  L and C low  passes band  filter [3] 
At load less    if we neglect the internal resistance of the inductor (R=0) 
The filter transfer function become: 
                                                                                                                               (17) 
                                                                                                                                                       (18) 
                                                                                                                       (19) 
                                                                                                                                        (20) 
In order that the filter operates without diminution of output signal magnitude it must be that: 
                                                                                                                                              (21) 
 
                                                                                                                                               (22) 
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Where:   is the cut-off frequency (resonance) of LC filter  
                                                                                                                                                 (23) 
 
2.7. The electrical network 
 
Figure .10: Three phase electrical grid 380v/50Hz 
The electrical network shown in figure 10 must take into account several significant aspects like; the 
source power short circuit, various loads consumption, voltage drop due to the lines impedances.  It thus 
makes it possible to have a behavior approaching the reality under normal operation. It gives also the 
possibility of carrying out certain defects. 
 
2.8. Phase looked loop (pll)   
The PLL is a system that intended to control the instantaneous output signal phase  on the 
instantaneous input signal phase .  Such a system is the base of numerous electronic circuits   : 
synchronous detection and magnitude demodulation, of frequency (FM and FSK), frequency synthesis, 
and digital telecommunications [4]... 
 
a) Three phase PLL  in park domain                                                                                                                           
In electrical network supply applications, the PLL is primarily used for estimating and filtering the 
phase and the instantaneous magnitude of the equivalent phasor of a three-phase system.  
Figure11. Shows the classic structure of three phase PLL. 
 
 
 
Figure .11:  Principal of PLL in Park domain 
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2.9. Current controlled voltage source inverter  
The output array of a voltage source inverter is a voltage.  However, this device correctly filtered at the 
output and with an adequate control can be used for the injection of a controlled current in the grid. The 
purpose of this control is to obtain an output current which follows its reference with lag and a possible 
small error, and a sufficient high dynamics. 
The control strategy is based on the regulation of current (voltage) in continues coordinate which is 
widely used. The closed loops regulation used in such control provide a rapid response in transient regime 
and a high performance in a stationary regime.  This control strategy allows the inverter to control in 
autonomous way in frequency and magnitude the voltage across the load. 
There are many types of current correctors, the choice of the corrector type depend again on the 
characteristics of applications. 
In this case the PI regulator has been chosen for its rigidity and good accuracy stability [5]. 
3. Simulation results 
  
 (a) (b) 
Figure .12(a, b): (a) regulation Characteristics of continues line voltage ;( b) line current and voltage across the load 
 
Figure.12 (a): shows the shape of continues line voltage, which follows its reference without over shot 
and static error nearly null in permanent regime. 
Figure.12 (b): Shows phase voltage and line current in phase which means that unit output power 
factor. 
4. Electrical perturbations  
The electric power is provided in voltage form constituting three-phase sinusoidal system with 
parameters characteristics are as follows: 
 frequency 
 Three Voltage magnitude  
 Wave forme 
 Imbalance                                                                                                                                    
 
It is advisable to add to this short enumeration temporary overvoltage (or fugitive) LV, at 50 Hz, and 
the transitory variations of voltage, for frequencies equal, at most, few tens of kilohertz. 
The measurement of these parameters makes it possible to judge the voltage quality.  A deterioration of 
the one of them or several at t
supply network.   
5. System  protection  
The determination of reference currents and voltages is generally done, for a single-phase or three-
phase inverter with the measurement of the network voltages. However, the network voltage at connection 
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point can comprise various defects and they are likely to remain in the inverter output current. To 
overcome this problem, among the possible methods, there are two frequently used. The first consists in 
filtering the measured voltage. The disadvantage of this method is that it generates a considerable lag, 
which is more significant as the cut-off frequency of the low passes band   filter is weak. Second is based 
on the detection of voltage zero crossing    , which makes it possible to deduce the period and to rebuild 
from it a unit sinusoidal signal [3-4]. This process is more powerful than the later; however it is not 
optimum at the time of a phase jump for example.  
 
5.1. Methods of voltage components identification 
 Extraction of the phase and the direct voltage component 
The Phase Locked Loop (PLL) is by far the most technique used to extract the direct fundamental 
component voltage phase in the low voltage electrical supply networks.                                              
 Frequency tracking  
The PLL can track the instantaneous network fundamental voltage phase and find its frequency. Other 
methods were developed but the majority of them are used only if the voltage signal is purely sinusoidal.   
6. Protection  of decoupling  
A device made up of a protection and a decoupling body must be installed at the generator output [6, 
7,8]. This device must respond to the design and operation technical specifications for connection with a 
distribution public network of an electric generating station as shown in figure.2. 
 
6.1. Protection function of decoupling  integrate  in power electronics device  
For the generating stations lower than 4,6 kVA and in  particular for the photovoltaic productions, it is 
allowed that this protection decoupling function is provided by an automatic  disconnecting switch 
integrated in the inverter of the generator, in  conformity with DIN standard VDE0126.  For an 
installation made up of several inverters comprising each of them a decoupling protection corresponding 
to DIN specifications, it can be accepted that the decoupling protection function of the whole   is provided 
correctly by these devices.   
 
a) Frequency monitoring  
The frequency monitoring is done by the PLL Park field.  Who allows having from the network 
estimated voltages   the estimated pulsation  is of these two sinusoids very quickly. This estimated 
pulsation makes it possible to have the estimated frequency by dividing it by the frequency can be thus 
supervised. It is compared with two thresholds values corresponding to  Hz. This frequency 
must lie between:  
 
 
 
The monitoring system activates a temporization if a threshold is crossed during more than 0.1s. The 
inverter operation is stopped and isolated from the network thanks to the control switchgear envisaged for 
this purpose.  If the frequency returns between these thresholds values   temporization is given to zero. 
 
Figure .13: Block Diagram of Frequency monitoring  
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b) RMS Voltage network monitoring 
It is made in the same manner as that of frequency. A minimum and maximum threshold is given 
. 
 
V 
 
The two RMS voltages are measured.  It is necessary that both are below thresholds to start 
temporization. The same latency time is considered: 0.1 s. This monitoring is necessary for an overvoltage 
or an under voltage.  
 
Figure.14: Block Diagram of voltage monitoring  
 
6.2. Model of GPV connection to the three-phase electrical network supply with protection system 
The decoupling system exchanges information with the inverter control system. It sends a stopping 
signal to the inverter, this signal also used for the insulation of the inverter from the network through 
controlled switchgear.   
 
Figure.15: GPV block Diagram connection to the three-phase electrical network supply with protection system under MATLAB 
Simulink  
 
6.3. Simulation of frequency variation 
The network, frequency under goes a variation of (ramp) type. The aim of this simulation is to check 
5.This variation starts at t = 0.42 s of 50 
Hz and attain 50.5 Hz at t = 0.54s as shown in figure.16 (a). The currents and voltages follow the 
variations which appear insignificant.   
 After a second at t = 0.64 s, the system activate the switchgear and stops the inverter    as shows in 
figures .16 (b, c). The network currents and voltages are then became zero.  
 
 M. F. Almi et al. /  Energy Procedia  18 ( 2012 )  954 – 965 963
 
(a)                                                                        
 
      
(b)                                                                                         (c)                                           
                     
Figure.16 (a, b, c): System application with frequency variation. (a) Network frequency ;(b) Network current; (c) Network three 
phase voltages 
 
6.4. Over voltage simulation  
The aim of this simulation is to show that the decoupling system detects overvoltage and isolate the 
inverter from the network. A progressive over voltage starts at t = 0.4s. The maximum threshold voltage is 
reached at 0.6s as shown in the figure .17 (a). The current reacts since the network voltage increases and 
that the power to be transmitted on the network is constant. The networks currents I decrease as shown in 
the figure.17 (b). The system reacts 0.6 after the voltage maximum threshold was reached. The currents 
and voltages become null at 0.7s.  
  
 
 
 
 
 
 
 
 
 
  
  
    (a)                                                                                                 (b) 
Figure.17 (a, b): System application on an overvoltage from the network. (a) Network three phase voltage; (b) Network current  
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6.5. Under voltage simulation  
The network voltage decreases from t = 0.4 as shown in figure.18 (a). The minimal threshold value is 
reached at t = 0.6 s. The current increases up to its authorized maximum value as shown in figure .18(b) 
whereas the voltage decreased. The under voltage activate the whole system at nearly 0.7 s; this 
parameters became zero. 
 
   
(a)                                                                                                  (b) 
Figure.18 (a, b): System application on under voltage from the network (a) Network three phase voltage; (b) Network current 
 
With  the two simulations, of overvoltage and  under voltage,  it would be desirable to have a  faster 
cutoff  time  according to the  importance of  overvoltage or  under voltage . This determination could 
possibly be done by a training algorithm using the techniques of neuro-fuzzy, genetic algorithms, neurons 
networks or other forms of artificial intelligences. 
7. CONCLUSION 
In order to conceive and put in application a photovoltaic system connected to the three-phase 
electrical network supply; mathematical models for each element of the system have been presented.  As 
well as a short outline on the phase looked loop (PLL) used in control. A good dynamic behavior of the 
system has been observed.   This is due to the selected (PWM) technique. 
we have focused  on  the study of photovoltaic production of electrical energy  optimization   as well as  
its  transfer to  the three-phase electrical network  supply through an inverter with  minimum  possible 
losses.  
 
The adopted approach was to improve the chain various parts point by point starting from the cells 
assembly, the protections to be implemented to ensure a long life to the generator,  
 The choice of powerful MPPT technique as well as the study of high efficiency adaptation stages 
adapted to solar energy constraints. 
The checking of electric supply quality goes through the use of powerful tools that allow the checking 
of the three-phase electrical network supply parameters (voltage, frequency). For that reason a 
photovoltaic system protection device is implemented i.e. The PLL which is the essential element in 
reference voltages and frequencies estimation.   
This system is able to react to overvoltage,   under voltages and frequency variations. Any 
decentralized production must be provided with such a device.  Part of this system functions was 
integrated into the voltage inverter control.  It makes it possible to detach the inverter from the network in 
the event of defect to using switchgear controllable and stop inverter the operation.  It was subjected to an 
overvoltage, an under voltage and frequency variation. The system showed good results in each cited case.                     
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8. APPENDIX: 
Shell module SP150-PC Characteristics  
 
 
 
PI regulators parameters:  
 
Filter parameters at the inverter input 
 
LC filter Parameters at the inverter output                                                                                                  
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